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AB- PROBLEM TO BE SOLVED: To provide a method of manufacturing a I1I-V 
compound semiconductor, having high productivity, improved yield and 
stable characteristic, and a light- emitting element using the same. 

SOLUTION: The method of manufacturing a III-V compound semiconductor, 
whereby a first Ga(sub a)AJ(sub b)N (0<=a<=l, 0<=b<=l, a+b=l) III-V 
compound semiconductor layer 3 over 1000 deg.C and then a second 
In(sub x)Ga(sub y)Al($ub z)N (0<x<=l, 0<=y<l, 0<=z<l, x+y+z=l) III-V 
compound semiconductor layer 5 below 1000 deg.C arc grown comprises, 
prior to growing the second layer 5, which makes a third Ga(sub 
v)Al(sub w)N (0<=v<=l, 0<=w<=l, v+w-1) III-V compound semiconductor 
layer 4 below 1000 dcg.C grown. 



09) mmmf? (jp> 02) & |fj 4$ jft & (a) ai)ttttawfiN*<f 

#BPRO- 163523 

(43)&BBB ¥*JclO^(1998)6£l9B 



(51) IntCl. s 


•MB* 


F I 




H0 1L 33/00 




H0 1L 33/00 A 


21/205 




21/205 


21/28 


30 1 


21/28 3 0 1 H 








»!fcS«DR6 OL (± & m 


(21)fflH## 


ftBS¥8-322911 


(71) MSA 


000002093 










(22)fflKB 


8 *P (1996)12/1 3 B 




*R«*Kmf JfcRJfcR4TB 5#33# 






(72)|BW# 


m& m 






















(72)f8W# 


ism jh^ 






















(72)5SW« 


ffi Mil 






















(74)ftEA 





©4) [%w<D%m 3-5m:Gmmfc<>>w&i&&£vm:m L 



(57) [Sffi] 

[ISM] £M&1fil&<, *S*D#ia±b&, ttS©5E 

C13 -«Ga. Alb N (5$^ 0^ 
a^l, Ogbgl, a + b=l) ?il£tl3 3-5i£ 
fb6*MMWfr&»&fcSSIl©fl£l 0 0 O'CSiBitSffl 
«T?J«S3«fc«* -IftSIn, Ga, Al, N (S 
cf. 0<xSl, 0^y<l, 0£z<l« x + y+z 

= 1) Tfa*n*3-5K{fci^»*»(WB*e)fts*2 

©1^1 0 0 0-CWTT?fiESS-&* 3 -5Kfb^*« 

SGa v Al, N (a*f, Ogvgl, O^w^l, v 
+ w=l) T'^SnS 3 - 5ift^!*Wf.&5i 
3 01^ 1 0 0 0*CWT©ffifi-CJfcg3**3-5Kfb 

c 2 ) mm c n ibh© 3-5 mt&®*mtt-<Dmm?> 



(2) 



nmW- 1 0- 1 6 3 5 2 3 

2 



-i9§^Ga. Al b N O^a^ 



1, Ogbil, a + b=l) T-S$tlS3-5^b^ 3*WttH#«fc <ftlT^SGaNCDjgSSS-rfi8SU - 
fiSft^-B-fc^v -ftjln, Ga y Al, N (5$tR 0 2 3 fc#K*&ftTV>S (1*SBS5 5 - 3 8 3 4^f& 



T?3l£ft5 3-5Kfc^*^Jia»&&SS82©»S [0 0 0 4] IS 3 - 5 ^b-n^J^zSi*© -5 *> 

1 0 0 0^WTTffi8«$-&S3-5Kft-& ! ft J l i »»©JEK I n&^tr*»©fc I nfc^£&Hfe©4>0T?tk J&B* 
*2fflJBSlKfi**SH!fC-l9!SGa toW3c3£tttc:*:&&l§#i&S. UttWttt, K3- 

v Al„N(3W\ O^vgl, O^w^l, v+w = 10 SKft^Wi^Co^Inli^S&l^tDlt « 

1) T?S$ftS3-5K{b^*?*fW»6&S*3©Ji £tt tfJt^Wi^ < , 1 0 0 0 °CZMz. 3S£T?fi#&fg 

SI 0 0 0*CWT©aST?J3c«3t-a-ac:J:*«feRi:-r4 ||t£©&©#f#£ft£-£#*ne>tiT^So In 

3-5 ftfb£«*aw*©«3i#i£. fc^trR 3-5 R{b^*JiNM*fcJu a&WgJttttffi < > 

[»J#B2] *l©JB#-*l!S;Ga. Al b N 8 0 0°C*MJg©J±^ft{gl>?atT-J#il1-3 £ £T\ US? 

O^a^O. 8, O^bgO. 2, a + b=l)t?&£ fc^iM*©*©* 5 ^*!*. 

ft5 3 -5£{b^*#f*J&»&*S "Til* [0 0 0 5] ±§B©J:5fc*fllC«fc tt*®^SCi 

*SlE«©3-5Kft-&«i*»(*©«lii*ffi. I n£^£&o»£j&:Rb£m, -S^il**^ 

[I95J8S3] £ 3 ©Jf ©BlflW 5 AW±UmWT-e$ U *ffl|ffl^©®£fc I nS^trJifflfiRSfifiCSJfi 

3di:£4$«i:-r3»#El $fctt2IB«©3-5»Hb U aK©SM!E#^7bfcgk Btf I n£$*rJi©JE8& 

[W*®4] ^2©J1©M»A J 5AW±9 0 AWTTf* ^a^CttlS**?©!!***® < &Sfc4f©*H4©ffiT 

S-h*#mi:1-5Sf*iflU 2£fcii3§3ffi©3- 5 -TS»^*>ifeSo £©]ES£©tp»rl$raa j -£T? 

£fb^**f*©«il:£i£. &<<^ ogfCfiEg-TS I nS$ttB©l|gftft#*fll1- 

[ff*il5] tB2©»K^Sn4S is Ge, Zn, C ZtaiKDtz&b, iBSfl5tH:f53t* : F©firtt* s SE^b&< 

d*>J:VMg©#7c3R©«ffi<i«V^-riit> 1 x 1 0"cm &S. ^©«fc-5a:«fffi©fi"F&K^ £&CWStt<fc< 

- 3 WTT-fe5-i:^mi:1-5W*ill, 2, 3*fcl± 5Se^bfc«fffi*HS-rsfc»Ctt, ±E©fiKS*»fKfKI 

4 §3*6© 3 - 5 Rfb^ft*3Wfc©»ii3EfQi. ii&S^<$S^.r b<s ££tt©*^«ii#8i 

[»«JH6] w*ai~5©^-rn*»ciB*©3-5« **a*nrv^fc, . 

fb^^W*©«3i#i£l: J: 5»e>ftfc 3 - 585{b-&*l [0 0 0 6] i: C 3T\ 3£«©&KttS«*5£tfSlg* 

^awsfflv^fc^fcs^fc-r^ie**?. 30 1^1-4**7* fcB¥«fts&fl-©»»tH, j&ssa© 

[»fH©B«ffl*»liB] B©Ej&t**^4akifK«fc 

[0 0 0 1] !K p|Wft*fe-iMr7*lciin*.-t*», iJ-fe 7* 

[»ra©JB-rsfttl!fd»] *IBW^ 3-5Mb-&«* B©SfflJ5*iH'&S:ifC«t!)Sffi©aS* j asfl3t-S. - 

»ft:ffl«Ji*ffi**J:V»«Ji*att:J: &»S>ftfcfb#llJ fflidCfiRSSEBOttlB^bLTfeStROfflfiS-S 

^swfrft/B^fcSMfisK^tH-r*. t«-3»jaiitt % -nacpiDfpjwfciifisna^STJJtm 

[0 0 0 2] Wffifflfcttf£«fc<fT&3£fcA J 'T?*S. 

K£*©ftffi] **k »fit»U<H:»e©IB3fcd' , 'f*- ©JI§^£a«©ffi£^©ffi£fc£fb$tfSiH»fcHUT 

K*fctt*^ «fe*b<tt»ft©u— y^-f^-K* p iDSj»£ffl^T*g{bcB-r4BSiBB\ atsra 

©#g#Si?^©*ffl£:bT> -flSJCIn x Ga y Al, N 2Z©jft££EB©£& JEKS«1S©t5 n^&ifCflSc* 
(fcfcU x+y+z= 1, O^x^l, O^y^U 40 U ^5^5SV^iarttBW©®fiCSf^$*4^4:ttli 

O^z^l) T?£$ftS3-5K{b^**ttjWEn6ti bV>„ Z(D£olZ'&&<Dj;8kT-&, fi25©cp»fB#P^§5t 

ftInNrgfi.lt, GaNigflJt, £cfctf A 1 Nr&Hit i: tE»«£E, *Mt 3P#s »3t«S^©«fttTJ §W©» 

«rt:inNfeSfttt7?l 0%W±^tr*fflB:» I nNrS rt^ff*^:* <**&if©»-&* J *^1 _ <x 5 

illtfcffiUTnJ»«8T©$83fe*fi;feSfi?g*fc»» ©fiTtfJUtfetift^ofe. 
«jj*/8Jfcfc:#K:gST?as. [0 0 0 7] 

[0 0 0 3] R3-5fcfb£4&¥3W*tt, "9" 7 7 X [3glE#8?&b *5 fc-TSRH] #«l8©i«Hu 

GaAs, ZnOH©a^©a^©±{CfigM1-S^i:A s tt#*<* 5 tflSbtbfe, #£©£££ 3 - 5 K 



<x^l % 0^y<l, 0^z<l, x + y+z=l) 



(3) 
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[0008] *»w#e>tt, ^©j:-5ftttafe*T«i» *nt«©±i:, i o o o*c*jS**aKTfdifiUTti 

»§*©*§£, 1 0 0 0*Cfcjg*.3&K-e I n££*&V^ «fcH. 



^0*f*TftfHJB*«gt5c:fcT?±i3©J:aftlSIHS fc», AlNSHitfctO. 5W.TC"^sci b&tftS. b 

j»»7?S*^i:feaUlU**WtSofc. -r&fc*>, * <> U<te0. b < fiO . 

IMBBu CD -iSSGa. Al b N (a*, O^a^ 2WTT-ifeS. »l©JS£*tt«JfcK-e>^bfc^» 

1» O^b^l, a + b=l) T-g?ti5 3-5Ift-& 10 A 1 N?MHit£ fcttKfftCfcoTtttB 1 ©JB©iStfb 

tt4M*tt*&&3$l©a& 1 0 0 0-C*Sx.SMjST- ^©.t^JfeS^Ctt, £g>fefJi 

-ttSIn, Ga, Al. N 0 ? bfc»&fcEft«E#S< £*©■?, SfU©/l(i*S 

<xgl, 0^y<l, 0|z<l, x + y+z = l) mSft<ST**ftV^I6iSTf H-K>^1"S - b 

T*3ft3 3-5ftfb^*3WWl;&»&*5!S2fflJBfc V^. |gattSfiT*-a-*V^iS*»e)ttx » 1 ©JBttx n 

1 0 0 0*CWTTfJEEfi$-e-4 3-5K{b^ft*aK*:©JEi8 K-K>^fS^ ttt&S. b<^. bVMiiS** 

S62©B£fi8g£tfSH3£-|!l!SGa 'J TWkMk. LT(i> 1 x 1 0 1 6 c m- 8 tJL± 1 x 1 0 22 c 

, A1„N«^ Oiv^l, Ogwll, v + w= m- 3 WT6 s ¥lff.n5. b^** V TilS© 

1) T?aSftS3-5Kfb^*?IWto»6£S!g3©JB «Htt* 1 x 1 0 17 c nrHjU: 1 x 1 0 21 c nr'WTT? 

ft i o occwToffla-tjjEKss-a-ss-sKft^ft* fes 0 **V7m&wi x 1 ccm-uu/h^^i 

*tt©«SI#8sfc:»a *©■?**. *fc* *lfiWtt, 20 ^ 3fc#&e«§te»S;:k#T?S&^^&*i&»>, £ 

C2D aiSBffl Cn E«©3-5Kfl3^«8*»»ffl«Ji fe*+';7*l#l x l 0"cm- s «fc!)*t^S^ % 

#8sfc J: »>»e>ftfc 3 - 5Kfb^NW*£fli^fc£ h 1 ©Jl©^ B lt4#(£T-rst§^#;fc2>o 

*^fc*S#6#J*f fc«St>©"C&3. *»W [0 0 13] *»Wt:**H-S»3©^ -ftSGa, 

zmmizwiw-rzo ai. n (a^ oiv^i, ogwii, v+w= 

[o o o 93 i) -es$n*3-5Kfb^«a*?iw*:4>e)ft*. s&3© 

[#5U§©£«©JI5ffi] #S6Hli© 3-5 fcfb-&»*?IW*ffl Rtt, $ 1 ©JBCSS bT* t». 1 0 0 0 °CWT©SST- 

-ttSCG a. Al b N (S*, 0|ag fiKg*-a-5ii:S«ai:1-S 0 *3©«tt, 1 0 0 0°C 

K O^b^l, a + b = 1) 3-5Kft$ WTT-J5£fi^nS?SSJt©^^5^©ii©^S^3iT- 

*MNfft:fi>5ft&$l©JB& 1 0 0 0*C£j@x.3iagT- &oT*> <fcV^ 0 Sg 3 ©Jf©j$g££# 6 0 0°C J; *) 
J5Efi**fe», -«S^In» Ga, Alz N (55*, 0 30 i§£\ S&3©Jf ©^ittt>mTTr5^#&3©T-$?i: 

<x^l, 0|y<l, 0£z<l, x + y+z = l) b <ftv^. »3©»ffl»* bV^ilJaKffl«iBtt6 0 0 

^*£ft3 3-5Kfb^**ttJBfrS>*3SS2©Jlfc °CW±, 9 8 0*CWTTf* >5, ?f.t(ffSb<tt6 5 0 

1 0 0 0*CWT"efigg**5BuC, -SSSCGav Al. °CW±9 5 O'CttTt**. fg3©/I©j3£jligg#±§3 

n (sc*, o^vii, o^wii, v+w=i) ta ©WHrt-efenK, ^aswfflss&sfcmfffcsfcftsa^ 

$*i*3-5Kfb^¥*f«>»6&4SB3fflJi£l 00 $ 6CWTffljSl£&B bTJSMKS ittfcfcfcTfcte 

0"CfetT©SST?J5ES*-a-S^-i:&fifai:-rs. ^b-r5^i:*;-C-tSc -Tftto^x SB3©JlfflJSIiefc& 

I 0 0 1 0 ] *^B^(c «t 5 ff 3 - 5 Kft-&tl*« S^StfffcbfcuS^ *fett«:«^<**JB:fi8fiJI 

ttfcffl^fclBJie*?©fllii©l09fciai t^-To ilt; jK"C»3fflJBftfi8fibfcv^»^Ctt % j&&ffi£ttftvt# 

Ktmit, SS1©±C, /W7rJB2, SBlfflJfT!* ##*U>o c: ©*§-&£«> ftjlilStiu ±IB©J5S^?a 

5nIGaN13, tg3©Jf 4, Sg2©Ba»£&3$B3te 40 fifflttHrt7?S< ftlKiV^ t?§3©Jli:Sg2© 

J15, ftS&6 % p3Ui7 4:fcc:©IKC«Jf bfct>©"T? JB©lffl©«fitf»f©RflHISS< b«ta k-r*»^Cttx 

Il0ltfe5nIGaN13l:nlE p£>A fg3©Jf ©fSJIiagfclU S&2©Jf©fi85fflK4:PI&lC*- 

7fcp«ffi£»tf\ MfcfrlqlKWBEfciniS tiKJ:^. *©«*», Sl&&B©&& ±{fc©/j£HB#!?g 

?£A£*U S8#jf 5fr5>©28ft#f#£*xSo «ffljasa*b-C»3©JB©J58SSJK*aiJDtl9!£-rs 

[0 0 11] WT, Hllc«tt)*l8Wft*^CBb<Bi 

TO**. teifflJBHU -j&5£Ga. Al b N (S*> 0 [0 0 14] Sg3©Jf©A 1 NSSitJWfi&^a^fcHU 

£a^l, O^bgl, a + b=l) Tf***i*3-5 fSJfc^tffl^fc*^ 

flj<b^»*»(*:*»&&5. RSSl©JBttl 0 0 0-CSiB &», A 1 NSffiJttt» 0. 5WTCt5C:i:tf»* b 

**SfiT?J58S$ns. »»l©Ji©^«:WJB:«i:bT <^ S b < ttO . 1*K»*b<tt0. 



Ji*J««bfca, 1 0 0 0-CWTT-I nft^trSftJSfi 



[ 0 0 1 2 ] SB 1 ©1© A 1 NSiiit***^»-&Ctt, 



(4) 



5 



^ AlNigiltt$fcttll!IS£«fcoTttSS3©H©8ifi; 

Lfe^tIgi;«E4 s iS< &3©TN S63©JBH\ 

bl> 0 |gilfcffiT;*tffc^8LS«>»S>tt, i30l(inS 

TSJgi: ltli> 1 x 1 0 "cm-'ttll x 1 0"cm 

ISlStiU 1 x 1 0 ,T cm- 3 ttil x 1 0 21 cm-W 
ifcSo VTilJg#l x 1 0 ie cm- 3 <fc^'jN£^i§ 10 

fe^'J/'ilfitfl x 1 0 22 cm- 3 i»)^tMi^ $ 

i ©jBcieatt^fiT-riS^fes. 

[ 0 0 1 5 ] m 3 ©»©#£ blMKJ?©«BHU 5 A&. 
±UmWTTife!3, «*e>Ci?*bHl6Bfck 2 0 AW 
±5 0 0 0AfeTFT?*S. ^3©*^ 5AiD^V>» 

*»W©»**»S»"e4v^. l/zmiDffv^ 

igUr, j&gfcl$HII#;b»a»»>-r¥, ISfliWC*^. fg3© 

-rS&»t»*LV^SJfi«©«Htt, lA/#fcU:5 

0 0 3©Jf ©f£MS# 1 A/# 

1 5 £ 3 ©B©«St«fM*«i(»<p »> 
mmx-K^o 5 0 0A/^J;t)*Sl^CH:, 
&*F*fglitt£»a - i:#«b^. 

[0 0 16] &2©flfc:o^TByi81-S. ^2© 

aMfrote^Rtiu satfcc.fc»>*£<£fls"rs. ^3 
©flfc*2©JBfc©IHfflfc?£SC*S&ii#i&4» 30 
^ «?^fi#K.fc *£#©*£ SfcJSStT* 2 ©Ji© 
ff**'h*<1-*^i:*C» B2©JfT-©:fcPil©#g££W 
»jTfSS»-&* s **fctt)»*UV'». $?£bl^2©Jl© 

ff«*©«Htt, s^©^§^i;te#-TSo ^2©jii:b 
t, inNiSJiittfl 0%feLh©Jf£%MB**»&, # 
£b^*£tt, 3 0 0AttTT»D, b<fcfc 
9 0AWTT?»S. 3 0 0 AJ;9*S^»&, £2©Jf 
fc&Hi#fB£UiF*b<&^. »2©«*l63fc3H 
?©«!£» fcbT/BV>4»^ S6 2fflJg©ff3S/h3< 

*^fcfc«SWB3WBlcB 40 
T?5*fc»; |g:ft&*£ft±£#£C £o -© 

te?S£&©M#±!3©0iJ<fc 0 ti'hSlr^fr&T?*, 
$ 2 ©Jf ©JP £ {±±I3©^J kliattSiktfffil/ 

t^o ^©jifcajfe^ffflrattJBfcLTfliv^s 

£\ £ 2 ©Jf©§««:, 5 AW±t-$.SCli:As$fSb 
<* $6C**U<ttl 5AW±tfftS. »2©«©ff 
$*S5AJ:5^$V^»&, <£S. 
[0017]I2 ©Jf # A 1 £^tri§£\ 0*©**MB 
5 IB3fc»*tfTA J 4ii:5& J ft5..i© 
«fc-5*»£fcfclU ^2©l^b"Ctt, Alfc$S&V>- 50 
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jUSSInx Ga y N (fc£U x + y=l> 0<x^ 

i, o^y<i) T-mztizbozmmtzzt&x-n 

[0 0 18]*»i^S:^ &2©JU±, »1 
©/!©±£«&fi2i|-rsc.tfc&3 0 ^©S^s SB 2© 
ltfi<^StonTf l©Jf fc&2©JB©#Ii©iMII 
4 s ffiOTC^^<Ibn§tS), fi£fiSJSfc£ASIS© 

t>fflflST#Hi£fc:&5. c©<rc\ #$6i»H\ miHa©± 
a fc#*CjRff©/h$fct& 2 ©M&ffl^SiS^fcas** 

[0 0 19] 383fcJBH\ l»7?*oTt)«tV^ afR^f 
&oT*«fc^. 3©<ta«:«jg©^^bT(^ njf©3* 
#J1£:, (n+1) »©»3fe» K^-Vf 7© 
*#&JS£:#> 3£5{c«Jfb-r«:2. (2n+l) M©« 
Ji«Hi#35IJS>ix4. 3CT-nttIE©SISt*$. 5, 1W 
±5 (mTrfcS^fcjWSb^ S6>Cif3Eb<ttl 

SF*b<&^. ^©«t-5 4a»©»3fc*s*-rs*s 

[0 0 2 0] »3feJBC^iW«Bft 4 3 fcTf , 

JBffl^>K*+v^fcttS*S WT-ISft * * 5 d i: # 
T*#So Ztitiiy ^**»*»6fflfS3fc"Cfe4fe«>» ^*M» 

JB<0 3at7c5RCDjajefifc^3Wi«i5n*K J:5St*So £©» 
£\ $B3feJB©InNiIJiJttt* 5%W±#Sf*b^. I 
nNrMSJt* s 5% c t»)'jN^V>a^ ISJt-TSJtettx Kfc 

inN&iiJ±fcii*i-coftTiS3te«fi* s ft<* 

[0 0 2 1 ] ^lW!ft|S3fcK:abfc^tt«li:UTttx 2K 
^*W*bV^o 2«OT*©**»Tftt» Mg, Zn, C 

dSK-^i/fci^, jfi3t»**«av^©-e»aTf*s. 
#tzn*siifSbv>o ^iie>©7c*©aifitt» v^■r^^^) 

1 0 18 ~ 1 0 22 cm- 3 tf$fS bV^„ fSJteJICttitie)® 

2 M.7im £ 1 1> IZ S i * fcfcfc G e * HB$(r bT t> 
iU„ Si, GeOff*Lt>8lH6Itt, 10' 8 ~10 

[0 0 2 2] ^tt»36*fflJ»&. -ttC»y6^^^ 

Ctt, »*JBt$**i5^iW*©ft*fi<«JA*»-iiH 

>5:?.'feV^. R#:fi<]ttt, Si> Ge, Mg, CdiSJilf 
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L<, $f.tffSL<lil0 18 cm- 3 WTT-fe5. 
[0 0 2 3] K3-5l^b^*Stt£*}l,vttt % f&j/t 
jf © I nN©iISi£#S^»£\ ffoWftS^tttfadT? 

il©±£, I nN?lilj±©{£^Sft&Alf 

Hffll nN©i!ilJ£tiU 1 0 %WT#»* b < , A IN 
©iiHtfci±, 5X«lff»SU», ^?,i:JfJL<liI 
nNilUlttf 5 %WT, A 1 Nfiflifcff 1 0 %W±T?» 

[0 0 2 4] Kfta0£%#&4!im&&&£# 
SfcfcCtiU eiSSJB©ff$tt. lOAWil/iiiiWT 
AWSIX, $6C»*U<tt, 5 0AjJLb5 0 0 0A 
WTt-feS. R{gSJe©JP<*# 1 OA<fc>H^v^, & 

V^, *3fc»*#»'JrrS»£* s **©T?*F*L<fc 
v^o #6#«&fiRSUfc», R«SB£J&aH*-flc 1 0 0 

i&Kfcfc, 1 0 0 0We$5:i:Wil^. 
[0 0 2 5] RftKfffclU *3t*?©«SEiiA» 

*fflja*»&ttp£©£SM4«*1-4;:i:#$F*LV\, s 

«HJSCps©e«tt*^fc-e-5fc»ta:7'^-b^ , i'S 

ft£©5*>T"{±, Mg, Zn##£L<, Mg#J;b# 
*U». fcSU fiia»t:KiftK©^tti»&K-^b& 

t§^, «sw©isiifi::wrF u a^sR^fflWtt*** 

tt»«K©«Hi:UTtt, SF * L < tt 1 x 1 0 19 c m" 3 
$^t^L<ttl x 1 0 1! cm-WC*5„ 
[ 0 0 2 6 ] m 1 fc* LfcttTftt, «£rtt, $ 3 ©/f £ 
«fclf«KJiSaUTI63fcffTfft«a2©»^ffiA*n5 
BIT, ^3©Jii:«gJi^»jgfaA^i:f3-r-h 
#&5o R*ftaAJffcl8#Jifc©>*>K¥+y7'©Ii 
fct, 0. 1 eVJW± , cS4c:i:*J»Sb<x 
L<li0. 3 eVW±T?»4. «?2r?£AJf i:3§#Jf©A 
>K^yrfflH#0. 1 eVJ^/J^uti^, ?Bft/B 
^©**UT©iab&«>#?£#T-&<, ISJfcS&apttffiT 
fc£U ««*©^>F^+vr**5 

&^if©^> K^^li, 5eV«TWSLK 

[0 0 2 7]tt±, 01©#J£gt5)S, !g2©Jf£#8# 
lfc-rs^tov>Ta5iB^&fi : ^ofcAs > *ftfiJl*ffl0! 
£EI2, H3t^-r. 0 2©0Jtt, ;^>y77l 
2, il©fCfe5nSGaN3, !g3©Jf4, ^2© 
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*lt$5>>h-7©InGaN15, p 
S«7*i«gLfe*©T-fe5o 02©#|fct, !B3bJB5© 
f&ftiiufc, nSI nGaNJ18 i: nSG a A 1 NJI 9 £ 
fiEgbfct>©T?&5. H2ffl«JiC«fc5, 38ft/f 5T& 
5InGaNlO& B a ^f.ttfti^5. El 3 
©Wi, H2©#J©GaAlN/f 9£#Bt&Lfcfc©T-& 

So 

[0 0 2 8] *C X ^iCffl^f.tlsaSJb'iWt^ 
«j*»#©fiRS*iSt:o^-CKrai-5. »3-5«|{b^ 
10 «B*?»fffflejiJ«fifflafi«i:bTtt, 1^77^7, Zn 
0, GaAs, Si, SiC, NGO (NdGa 
0 3 ) , (MgAh 0« ) 3WH^&il3. 

n#f# £,©»&£ /bo fees 

HT-fet, lK±CZnO, SiC, GaN, A1N, G 

aAiNcm szv^cDmmmz^yyrmtLT 

GaN, A1N, GaAIN, InGaAlN?©^ 

20 [oo29]i3-5 «Hb#»*sw*©*i tvx 
a, &=m=-\z**i/- utf> MBEfcga-rcifc** 

So ) ffi, #«R&JR£lfl£jl (WT, M0VPEi:ia^ 
ChtfifcSo ) & ;W K^-f (KT, HV 

T>^^^ *«fcV*fflffe©a*ft^«JSSt#tt»Tftt 
T, GSMBEfcffi^fc* 1 **. ) Sctf-jftWfcfflU 

[0 0 3 0] jMBUI© 3 - 5Kfb-&*tfMIW*fflM 

0VPEffitJ:4§aii*85Cr3OTKW1-S. MOVP 

fiP*,, 3KK#i:l/tB:, by* 'J* a [ (CH 
a ) 3 Ga, ttTTMGfciai-Ci:****. 3 , 
*-;ktfU->A [ (C, H s ) 3 Ga, JSTFTEGfcK-T 
40 ] ^©-)9S£iCRi R= R 3 Ga (dCT, 

r. , r 2 , r 3 tiMT^wuas^-To ) 

[ (CH 3 ) 3 Al] , HJi^l/TVl/^-^A [ (C 

2 H s ) 3 Al, WTTEAfcK-J-C ] % h 
'J-fV7^7A^W [ (i-C« H 9 ) a Al] 
^©-flSiCRi R 2 R 3 Al Ri , R 2 , R 

3 &mm<DfemtmbT-&z>o ) ■ca*n*hU7 , ;i/* 

h';^f-fl/75>77> [ (CH 3 ) 
3 N : Al H 3 ] ; h U >^-^A [ (CH 3 ) 
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-f>S>£A [ (C 2 H 6 ) a I n] ^CD-lKaRi R 2 

r 3 in (zzTs Ri , r 2 , Ra immcDfemtm 

[0 0 3 1 5fiW4hbTJ±, 7>t-T, t 

h'7^X ^fil/kH7yx 1, 1-W^kl«7 

s;>, l, 2-sM?-;i/t P5s>>, t-^;u7 5 
s&ttg^i/tffl^&ii.a. ;m?>©im©a*>, t> 

to, 4^{fc[^©j^i!l©^^&<#MT-&£ 0 
[0 0 3 2] 13-5Mb-^*^#©pIP-^>b 
i: bT, 2K7G*#Sg-e&*. Uttfttfi, Mg, Z 
n, Cd, Hg, Be#W?>tl?>#, 3®4iPtl±fi 
ffita©pS©*)©*so< &-$>-r^Mg#*F3;U^ Mg 

A, tf^-n-T'P e/l/^O^^v^-;^^^ 

^a, t7 - i - 70 b:;k>^ o^>* 20 

'>->A3P©-«s£ (RC 5 H 4 ) , Mg (fefcb, R 

&, 7m$. tzimmm i w± 4 «t©<£»7;i/*;i/*& 

[0 0 3 3] S3-5KM*#ftfflnSh--^>b 
£:bT, 48*7G*i:6K7G*#Sg"efcS. UttftJcfcfc 
Si, Ge, Otmf e>ti3#, ^©*t-fifg}£K©n 
§S#-3< !) JM$Jt©i^*>©* s f#£*iSS i 

iWSb^o S i K-71> h©Jgf^£:bTtt, *>7> 

(S iH< ) , s;«>v> (Si, He ) , t^^f;^ 30 
7> (CH 3 SiH 3 ) 

[0 0 3 4] §£3-5^b1^>*«&©l^£/8V>£- 
fc4»7fgSMOVPEiSt:J:SJsRfi«Bi:U-rtt, Sift 

©^iRBiDSfcttaRttBi^ctffl^fcr&ns. mis 

tt, 0. OOl&flElJLtO. 8£lEEWTtfc3. 
[0 0 3 5] *+';7 , 3t/^fcUTtt, **> 

=r>, ^u*A*©#*£iiMBi*fcttiI£LT;a^a£ 40 

**©**©#* U^EEHu 0. lSLEttTtfifeS. 

[0 0 3 6] £*!&©*■+ y^tf *©&*»-*?«& 

Ufc < v^v^jS"e**i:^y 0 

fcffi-C&tK HiliB©.fc-5fcRfli 

^#aM*©igiii4#,fc<&^. awr^is 50 
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[0 0 3 7] 

t Rua-r s *« , *fsrai± n ?> t * n s * ©t? ttft 

v>. 

M0VPESC<t!)i4 C^t*Ji© 3-5 

»#*f^»bfc. atsiiibTv t77^7cs&ii 

fflJS Lfc *>©£#»»&& bTE^fc. ]&g#i£C^t 
tt, &Mf&&/iyy7mk.LX, GaNfc/8^S2SPi 
fiRSi&fcJB^fc. 5 5 0°C?ff£##j3 0 0 A©GaN 
^y7rJB2, 1 1 0 0*C"eJ*£#*J3/zm©S i£ h* 
-7*bfcn§JGaNJll 1, lfflflfrfftS 1 5 0 OA 
®y>F-7GaNll 0 UT^fcLT 

[0 0 3 8] 7 5 o °c> rax 

SSJRfcU ^'J7^, TEG, glflppmi: 
#fibfc'>5>*5<tI>*T> ; E-T$:^tl^n4 sin, 
0. 04 seem, 5sccm, 4 s 1 m{ft£a b"t, % 
3©)iTf*SS K-rUfeGaNJi4S3 0 0 AJEK 
ILL ££>£[5]bi&g£TTEG, TMI, 
l/^-Tte-Ztl-ZtlO. 04 seem, 0. 2 4scc 
m, 4 s lm#t|&UT^2©JST-feSy>K-7©In 
0.3 Gao.7 NJf5£7 0#\ TEG, TEA, T>^ 
^7tJ;^>h , -7"(DGa,., Al..i N©&gJ!6 
4 1 OMSLt. fc£U s lm43«fctfs c cmfctt 
afr©«£«ffl*ffiTf * t) , 1 s 1 mtt 1 7>^fc t> , 
ttffiT 1 U *y h;i/fflf**£d5»4M©&ft#SE*i'£^ 
£c:£:£^b, lOOOsccmlilslmCiSt 
3„ ft*, 3©/f 9£Jf 4©§|ffC||bTfcJ:, PI-©* 
(*T?J:»)SvM^llllJEKfibfcJB©ffS*»6#»feJ«fii8US 
#**Vtft4 3A/«\ 3 0 A/7>T*fe5©T-, ±13$ 
fil$|ffl#&#»&ftSKJPtt, ^ft^*i5 0A, 300 

[0 0 3 9] 6 S|g©SS4 1100 

°Ci:b, MgSl*-7LfcGaN*»e>*Sp3U17fc5 

oooAiibfeo ^-5b"r^»bfctm*ia£E©a 

^c^8 0 0°C, 2 0^©*WQ3l&ff3&V^ % Mg F-TW 

«ffi*JKJEKU LEDtbfco ptifcbTNi 
-Au^, n«Mi:b-CAl$:fflV>fco 3©LEDC 
0mA©««tS«£bfei:c:^ l5i:^i^©L 

LEDCoV^T2 0mAl?©|gKlSffS^4bfei:C 
^fi^S. 7VT-, ±^©9 5%^ 4. 0VWT 

[0 0 4 0] ^JE«?iJ 2 
^JKffillfcPiaCUT, LED©#^*5<ttJ t ifffi^8@ 
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aa*tt9-l 3%T?*!K *&B*l»^&LEDCo 
HT©KlMIEEffl¥i9ttHU 3. 6~3. 8VC&»>, 
4. OVWTfflffitt«ET?*ofcLED©ffl-&Bu 9 3 

[0 0 4 1] it$t0!l 1 

$3©JBT?*3GaNJi4fcjER;gL&v^fcfcHNvt 

*£B*B:1 5%T?fc»K ^SBfcBfc^fcLE 
DCov^T©ffi»«E©¥lSfi[0:3. 8VT^!3, 4. 10 
0 V£IT©K»«E© LED ffllO^fcJU 3 5 %T & -a 

Tbfc. 

[0042] tarn 2 

ifc««li:IPI*fcUT, LED©f£«fc\fcWffffli£8ll 
ff^ofco lll«©3:e**5/-wi/g«©fls«L JMfC 
#^T©*aS*B:, 12~2 0%T-fef), ^fiBfclfc 
^fcLEDKo^T©ffi»«E©¥*&ftBU 3. 7~ 
4. 5VTN&») N 4. 0VeiTOl»aETf*o&LE 
DOll^tt, 2 0~4 5%T-fcofco 20 
[0 0 4 3] 3 

Sgl©JfAV > K-rfflGao. 8S Alo. ,«N-e»4c:fc 

vfffliiSfT*ofc. *as*Hu i 1 

*l»^feLEDCov^T©e»fllEffl¥iafli[tt» 3. 6 
VT?&&, 4. OVWT©KSMtJE"T?&ofcLEDfflffl 
^tt, 9 3%T-feofe 0 
[0 0 4 4] IgffiPH 

»3©J|#SifcK— 7LfeGa 0 . . A 1 0 . a NT?*3 

ztzm^xiz, mmmtmrntzis-z, led©^« 30 

SSJ^UfcLE D Cr3V>T©E»«E©5FlSffi[tt, 
3. 7Vffe^ 4. 0VJWT©ffi»«ETf*ofcLE 
D©ffl-&tt9 l%T*feofc. 
[0 0 4 5] £fifE0D 5 

mzornvrnmi 0 0 0 a©s i& c-ri/feGaN-c 

ifeSZfcSMftvCBU HJK«llfcPI«{CUT, LED© 
f^«*«tVffPfiiiSff&ofe. ^fia*B\ 1 2%T-fe 
»K ^p D p^^V^feLEDiIoVNt©|gi&«JE0¥^fil 
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tt, 3. 6Vtft5, 4. OVttTOEltEtft^fc 
LEDCStett, 9 4%-Cfeofco 
[0 0 4 6] fS»J 6 

0 0A©GaNAy77l, f ?tfg)3AimCDil©l 

A 5 A r 5 £ i: S»^Ti±ll«iOT 1 fc H0«fc LT 
5&3<Dj§X-$>& 3 0 0 AfflGaNl, ^20DffS55 
OA© I n 0 . 3 Ga..T N», «KJB-C*S 3 0 0 A© 
Ga 0 . e Alo. 2 NjB&diSbfc. d^LTfte>nfc» 

«?#F*6©i!§lft&#e^#«8^*U 
«aK©* : ?#F* s «3H'e # 5 d fcMIEBT? gfc. 
[0 0 4 7] 

[fgBJl©®*] *&W<D 3 - 5Rfb^#*tt©«JI;& 
^tvfc^^©^* s S3Stt«fc<'5I^i:«:t3> x*fl<j 
[HiS©jB#«:KW3 

[H 1 ] #3g0J3© 3 - 5«fb-&*tfMIW*ffl 1 0J£^-r®r 

IIo 

[0 2] #fSIU3© 3-5 ®Hbl^^&© 1 M^tm 

II„ 

[0 3 ] *mn<D 3-5 flHfr&*j*SK*ffl 1 «fcjjs*-»r 

SIo 

[0 4 ] iffiM 1 "CffeR Ufc##SHIJ© 3-5 Kfb-&*J* 
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